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SUMMARY 
An inves t iga t ion  has  been  conducted  to  de te rmine  t h e  effects  o f  wing 
l ead ing -edge  f l ap  de f l ec t ions  on the subsonic  longi tudinal  aerodynamic charac- 
teristics o f  a wing-fuselage configurat ion with a 44O swept  wing. The tes ts  
were conducted a t  Mach numbers from 0.40 t o  0.85, corresponding to  Reynolds  
numbers (based on wing mean geometric chord) of 2.37 x IO6 t o  4.59 x IO6 and a t  
ang le s  o f  a t t ack  f rom -30 t o  220. The conf igura t ions  under  s tudy  inc luded  a 
wing-fuselage  configuration  and a wing-fuselage-strake  configurat ion.  Each 
conf igura t ion  had multisegmented, constant-chord leading-edge flaps which could 
be deflected independent ly  o r  in  var ious  combina t ions .  
The resul ts  o f  t h i s  s t u d y  i n d i c a t e  that  the  longi tudina l  aerodynamic  drag 
c h a r a c t e r i s t i c s  f o r  the conf igura t ion  wi th  the wing leading-edge flaps unde- 
f l e c t e d  were o n l y  s l i g h t l y  affected by inc reas ing  Mach number. For t h e  config- 
u r a t i o n  w i t h  a l l  t h e  lead ing-edge  f laps  deflected down 16O, f low separa t ion  
r e s u l t e d  i n  s i g n i f i c a n t  i n c r e a s e s  i n  drag wi th  increas ing  Mach number. The 
combina t ion  of  lead ing-edge  f lap  def lec t ions  requi red  to  achieve  minimum drag 
a t  t he  higher  l i f t  c o e f f i c i e n t s  d i f f e r s  a t  t h e  va r ious  Mach numbers tes ted,  
w i t h  a nose-down d e f l e c t i o n  o f  - 1 6 O  achiev ing  t h e  lowest  drag a t  a Mach number 
o f  0 .40.  The theo ry  u t i l i zed  d id  no t  p rov ide  an  adequa te  ca l cu la t ion  o f  t he  
abso lu te  drag l e v e l s   f o r   t h e   c o n f i g u r a t i o n s  s t u d i e d .  Def lec t ing   s imple   l ead ing-  
edge f l aps  p rov ided  a s i g n i f i c a n t  p o r t i o n  o f  t he  t h e o r e t i c a l l y  a c h i e v a b l e  drag 
reduct ion  on the wing-fuselage  configurat ion.  For the  wing-fuselage-strake  con- 
f i g u r a t i o n  o n l y  a small po r t ion  o f  t h e  t h e o r e t i c a l l y  a c h i e v a b l e  drag reduct ion  
was obta ined .  The theory  provided a reasonable  estimate of t h e  drag increment 
due t o  f l a p  d e f l e c t i o n s  f o r  t h e  w i n g - f u s e l a g e  c o n f i g u r a t i o n .  For the wing- 
fuselage-strake configurat ion,  however ,  the theo ry  ove rp red ic t s  t h e  increment 
i n  drag. 
INTRODUCTION 
The maneuvering capabi l i ty  of  a i rc raf t  engaged i n  a i r - t o - a i r  combat i s  
o f t en  l i m i t e d  by f low  separat ion  over   the  wings.  T h i s  f low  separa t ion   can  
manifest  i tself  i n  a v a r i e t y  o f  a d v e r s e  f a c t o r s  such  as buf fe t ing ,  i nc reased  
drag ,   and   losses   in  l i f t  and s t a b i l i t y .  The National  Aeronautics  and  Space 
Adminis t ra t ion i s  conduct ing  s tudies  to  provide  informat ion  for  use  in  deve lop-  
i n g  a i r c ra f t  concepts  which  avoid these adve r se  f ac to r s .  A summary o f  some o f  
t he  r e s e a r c h  i n  t h i s  area is p r e s e n t e d   i n   r e f e r e n c e  1 .  One i n v e s t i g a t i o n ,  the 
purpose of which was t o  improve t h e  drag c h a r a c t e r i s t i c s  o f  a fighter a i rcraf t  
a t  maneuvering  condi t ions,  is t h e  s u b j e c t  o f  t he  present   paper .  Wing leading-  
edge f laps  have  been  used  to  reduce  t h e  drag on f ighter  a i r c ra f t  f o r  some time. 
I n  most cases, however,  the wing leading-edge f laps ,  because of  weight  consider-  
a t i o n s ,  are i n  one  segment.  Achieving  an optimum wing  shape a t  h igh  angles  of  
attack may requ i r e   an   i nc reas ing   spanwise  wing t w i s t .  (See ref.  2 . )  It would 
be v e r y  d i f f i c u l t  t o  achieve t h i s  i n c r e a s i n g  wing twist on a wing having a 
single-segmented  leading-edge  f lap.  One method tha t  could be u t i l i z e d  t o  v a r y  
the  wing-twist  angle  would be t o  u s e  a multisegmented  leading-edge  f lap.  It 
is the purpose of  t h i s  p a p e r  t o  compare the  longi tudina l  aerodynamic  charac te r -  
istics o f  a wing-fuselage configurat ion and a wing-fuselage-strake configurat ion 
u t i l i z i n g  a single-segment leading-edge flap w i t h  t h e  same wing-fuselage config- 
u r a t i o n  u t i l i z i n g  a mul t i segmented  leading-edge  f lap .  Analy t ica l  ca lcu la t ion  of  
f l a p  e f f e c t i v e n e s s  w i l l  a l s o  be presented as a n  a i d  i n  i n t e r p r e t i n g  the data. 
The s tudy  was conducted  in  t he  Langley high-speed 7- by 10-foot tunnel a t  
Mach numbers from 0.40 t o  0 .85 and angles  of  a t tack from - 3 O  t o  22O. 
SYMBOLS 
The r e s u l t s  p r e s e n t e d  i n  t h i s  paper are r e f e r r e d  t o  t h e  s t a b i l i t y - a x i s  
system with t he  excep t ion  o f  t he  l i f t  and drag c o e f f i c i e n t s ,  which are r e f e r r e d  
t o  the wind-axis  system. The force  and moment data are nondimensionalized w i t h  
r e s p e c t  t o  t h e  geometr ic  characteristics o f  the wing planform w i t h  its l ead ing  
and t r a i l i n g  edges extended   in to  the f u s e l a g e  c e n t e r  l i n e .  The moment r e fe rence  
c e n t e r  was loca ted  a t  a p o i n t  65.91 cm rearward of the nose along t h e  model ref- 
e rence   l i ne .   (See  f ig .  1.1 
b wing span,  50.80 cm 
Drag 
qs 
CD drag c o e f f i c i e n t ,  - 
ACD inc remen t   i n  drag between  wing  with f l a p s  deflected and f l a p s  
undef lec ted  
CL 
L i f t  
l i f t  c o e f f i c i e n t ,  - 
qs 
c, 
Pi t ch ing  moment 
pi tching-moment   coeff ic ient ,  " ~ 
qsa 
Sect ion  leading-edge  thrus t  
C t  s e c t i o n   l e a d i n g - e d g e   t h r u s t   c o e f f i c i e n t ,  
qc  
C wing l o c a l   c h o r d ,  cm 
- 
C wing mean geometric  chord,  23.30 cm 
M free-stream Mach number 
q free-stream dynamic p res su re ,  Pa  
S wing r e fe rence  area, l e a d i n g   a n d   t r a i l i n g  edges ex tended   i n to   fu se l age  
cen te r  l i ne ,  0 .1032  m2 
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dis tance  f rom fuse lage  re ference  l ine  (measured  spanwise) ,  cm 
a n g l e  o f  a t t a c k ,  deg 
wing  l ead ing -edge  f l ap  de f l ec t ion  (pos i t i ve  l ead ing  edge  up )  used  
w i t h  s u b s c r i p t s  1 t o  5 to  denote  segment  def lected,  deg 
MODEL DESCRIPTION 
A three-view drawing of  the basic  model is p r e s e n t e d  i n  f i g u r e  l ( a )  a n d  
a drawing showing the model with the wing strake is p r e s e n t e d  i n  f i g u r e  l ( b ) .  
A photograph of the sting-mounted model in  the  Langley  h igh-speed  7- by IO-foot 
t unne l  is presented i n  f i g u r e s  2 and 3. The model as i l l u s t r a t e d  i n  f i g u r e  l ( a )  
c o n s i s t s  o f  a s imple wing-fuselage configurat ion.  The wing h a s  a n  a s p e c t  r a t i o  
of 2.5,  a t a p e r  r a t i o  o f  0.30, a wing leading-edge sweep a n g l e  o f  44O, and NACA 
64A-series a i r fo i l  s ec t ions  (measu red  s t r eamwise )  w i th  a t h i c k n e s s  r a t i o  o f  
6 percent  a t  t h e  f u s e l a g e  j u n c t u r e  which v a r i e s  l i n e a r l y  t o  4 percent  a t  t h e  
wing t i p .  The wing s t r a k e  ( f i g .  l ( b ) )  was cons t ruc ted   o f  a 0.159-cm-thick f l a t  
p l a t e  w i th  sha rp  l ead ing  edges .  The sharp  leading  edge  had a t o t a l  b e v e l  a n g l e  
o f  3.2O and was sea l ed  on the edge between the strake and t h e  wing. 
Both  models  had a constant-chord leading-edge flap which was segmented into 
f i v e  f l a p  segments .   These  segments   could  be  def lected  to   the same a n g l e ,  simu- 
l a t i n g  a one p iece  lead ing-edge  f lap ,  or t o  d i f f e r i n g  a n g l e s ,  s i m u l a t i n g  c h a n g e s  
i n  wing twist a long  the  wing span. For  the wing wi th  the  lead ing-edge  s t rake  
( f i g .  l ( b ) ) ,  f l a p  segment number 1 was loca ted  behind  the  s t rake  and  therefore  
was no t  de f l ec t ed .  F l ap  segment number 2 was l o c a t e d  p a r t i a l l y  b e h i n d  t h e  s t r a k e  
(about  18 percent  of  i ts  area) ;  however ,  t he  en t i r e  f l ap  segment was d e f l e c t e d  
f o r  t h i s  tes t .  
TEST AND CORRECTIONS 
The i n v e s t i g a t i o n  was conducted in  the Langley high-speed 7- by 10-foot 
t unne l  a t  Mach numbers from 0.40 t o  0.85 and a t  a n g l e s  a t  a t t a c k  from -3O t o  220. 
The v a r i a t i o n  o f  t h e  t es t  Reynolds number, based on t h e  wing mean geometr ic  
chord,  is p resen ted  in  the  fo l lowing  t ab le :  
Reynolds number 





T r a n s i t i o n  s t r i p s  ( 0 . 3 2  cm wide) of No. 100  carborundum grains (based on anal- 
y s i s  o f  ref .  3 )  were placed 1.14 cm streamwise behind the leading edge of  the 
wings and 2.54 cm behind  the  nose  of  the  fuse lage .  
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C o r r e c t i o n s  t o  the  model ang le  o f  attack have been made f o r  d e f l e c t i o n s  
of the  balance  and  s t ing  support   system  due  to   aerodynamic  load.   Pressure 
measurements  obtained from orif ices  located within t he  fuse l age  base c a v i t y  
were u s e d  t o  a d j u s t  the d r a g  c o e f f i c i e n t  t o  a cond i t ion  o f  free-stream s t a t i c  
p res su re  a t  the model base. Jet-boundary  and  blockage  corrections  estimated 
by the  p rocedures  o f  r e fe rences  4 and 5, r e s p e c t i v e l y ,  were a p p l i e d  t o  t h e  
data. 
PRESENTATION OF RESULTS 
The r e s u l t s  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  are g i v e n  i n  t h e  f i g u r e s  as 
fol lows:  
F igure  
Effect of Mach number  on long i tud ina l  ae rodynamic  cha rac t e r i s t i c s  
for  wing-fuse lage  conf igura t ion :  
b f , l t o 5 = 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
6 f , l  to 5 = -160 . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Effect of wing leading-edge flap deflection on long i tud ina l  ae ro -  
dynamic c h a r a c t e r i s t i c s  for  wing-fuselage configurat ion a t :  
6 1 = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
M = 0 . 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Effect of  wing leading-edge f l a p  d e f l e c t i o n  on long i tud ina l  ae ro -  
dynamic c h a r a c t e r i s t i c s  for  wing-fuse lage-s t rake  conf igura t ion  a t :  
M = O . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
M = 0 . 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 
Comparison of  theory and experiment  for  wing-fuselage configura-  
t i o n  a t :  
E I = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
M = 0 . 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Comparison of  theory and experiment  for  wing-fuselage-strake con- 
f i g u r a t i o n  a t :  
M = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Comparison o f  estimated and experimental  increments  in  drag due  
t o  f l a p  d e f l e c t i o n  f o r  w i n g - f u s e l a g e  c o n f i g u r a t i o n  a t :  
M = O . h O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
M = 8 . 8 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Comparison o f  estimated and experimental  increments  in  drag due 
t o  f l a p  d e f l e c t i o n  f o r  w i n g - f u s e l a g e - s t r a k e  c o n f i g u r a t i o n  a t :  
M = O . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Var i a t ion  o f  optimum f l ap -de f l ec t ion  ang le  and wing leading-edge 
t h r u s t  a c r o s s  wing span a t :  
M = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
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Figure  
Var i a t ion  o f  drag due t o  f l a p  d e f l e c t i o n  compared with estimate 
for  wing-fuse lage  conf igura t ion  a t :  
M = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Var i a t ion  o f  drag due t o  f l a p  d e f l e c t i o n  compared wi th  estimate 
for  wing-fuse lage-s t rake  conf igu ra t ion  a t :  
M = 0 . 4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
RESULTS AND DISCUSSION 
The long i tud ina l  ae rodynamic  cha rac t e r i s t i c s  fo r  the conf igu ra t ion  wi th  t h e  
lead ing-edge  f laps  undef lec ted  are p resen ted  in  f igu re  4 .  The drag characteris- 
t ics  are o n l y  s l i g h t l y  affected by i n c r e a s i n g  Mach number. There is an  ind ica-  
t i on  o f  f low sepa ra t ion  occur r ing  on the wing, as evidenced by the  break i n  l i f t -  
curve s lope a t  an  angle  of  attack of  about  80. This  f low sepa ra t ion  appea r s  t o  
occur on t h e  forward  por t ion  of  t he  wing (ahead o f  t h e  moment r e fe rence  po in t )  
s i n c e  t h e  s e p a r a t i o n  r e s u l t s  i n  a reduct ion  in   pi tching-moment   coeff ic ient .  With 
the  wing leading-edge f laps  deflected -16O, f l o w  s e p a r a t i o n  r e s u l t s  i n  a s i g n i f -  
i c a n t  i n c r e a s e  i n  drag (see f i g .  5 )  as Mach number is inc reased .  This  can be 
expec ted  s ince  def lec t ing  leading-edge  f l a p s  on t h i n  w i n g s  u s u a l l y  r e s u l t s  i n  a 
f a i r l y  pronounced d i s c o n t i n u i t y  a t  the  f l a p  h i n g e  l i n e .  
The e f f ec t s  o f  va r ious  combina t ions  o f  wing l ead ing -edge  f l ap  de f l ec t ions  
on t h e  long i tud ina l  ae rodynamic  cha rac t e r i s t i c s  o f  t h e  wing-fuselage configura- 
t i o n  (strake o f f )  a t  M = 0.40 and  0.80 are p r e s e n t e d  i n  f i g u r e s  6 and  7 ,  
r e s p e c t i v e l y .  It is i n t e r e s t i n g  t o  n o t e  t h a t  the f l a p  d e f l e c t i o n s  r e q u i r e d  t o  
achieve the minimum drag a t  a l i f t  coe f f i c i en t  o f  0 .80  differ  a t  t he  two Mach 
numbers s tud ied .  A t  t h e  lower Mach number a l l  leading-edge f l a p s  deflected -16O 
r e s u l t e d  i n  the lowest  drag; however, a t  a Mach number of 0.80 t h e  lowest  drag 
occur red  fo r  de f l ec t ion  ang le s  va ry ing  a long  the wing span from -80 t o  -200. 
It would appear  t h a t  s e p a r a t i o n  effects  may be more s i g n i f i c a n t  on t h e  inboard 
por t ion  of  t he  wing a t  t he  higher Mach numbers. 
The inc remen t  i n  drag a s s o c i a t e d  w i t h  d e f l e c t i o n  o f  t h e  wing leading-edge 
flaps is small f o r  t h e  wing-fuse lage-s t rake  conf igura t ion  as shown i n  f i g u r e s  8 
and 9 .  The dashed c u r v e  i n  f i g u r e  8 represents   aerodynamic data f o r  t h e  wing- 
fuse lage-s t rake   conf igura t ion  wi th  a l l  f laps  undef lec ted .  The data were n o t  
obtained from tests conducted during t h i s  s tudy ,  bu t  were obtained from as y e t  
unpublished data obta ined  by Edward J. Ray of  Langley Research Center .  The 
only data a v a i l a b l e  were obta ined  a t  a Mach number of 0.40, and no similar data 
were a v a i l a b l e  f o r  a Mach number of  0.80. It was a n t i c i p a t e d  t h a t ,  f o r  t h e  
wing-fuselage-strake configurat ion (based on unpubl ished wing-design s tudies)  , 
higher inboa rd  de f l ec t ion  ang le s  would be r e q u i r e d  t o  g i v e  t h e  minimum drag 
c o e f f i c i e n t  f o r  a s p e c i f i c  lift c o e f f i c i e n t .  This  is the  oppos i t e  o f  tha t  nor- 
mally requi red  on swept wings, where inc reas ing  ou tboa rd  de f l ec t ions  y i e ld  t he  
lowest  drag c o e f f i c i e n t .  The data o f  f i g u r e s  8 and 9 i n d i c a t e  t h a t  t he  inc re -  
ment i n  drag as soc ia t ed  wi th  f l a p  d e f l e c t i o n s  was cons iderably  less f o r  t he  wing 
w i t h  t he  strake t h a n  f o r  t h e  wing  without t he  strake. (See f ig s .  6 and 7.) 
The data a l s o  i n d i c a t e d  t h a t  t he  wing wi th  the f l a p s  deflected -160 r e s u l t e d  
i n  the  lowest  drag a t  the higher l i f t  c o e f f i c i e n t s  a t  M = 0.40,  and t h a t  t h e  
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wing w i t h  t h e  f l a p s  deflected from -80 i n b o a r d  t o  -200 o u t b o a r d  r e s u l t e d  i n  t h e  
lowest  drag a t  M = 0.80. It is not   read i ly   unders tood  why these r e s u l t s  o c c u r ;  
however, some i n s i g h t  may be gained w i t h  t h e  a i d  o f  f i g u r e s  10 t o  15. 
F igu res  10 t o  12 p re sen t  the  drag fo r  each  conf igu ra t ion  w i t h  t he  leading-  
edge f l a p s  d e f l e c t e d  O o ,  -80, and -16O compared w i t h  estimates f o r  f u l l  and zero 
leading-edge  suct ion.  A d e f i n i t i o n  o f  f u l l  and z e r o  s u c t i o n  is p r e s e n t e d  i n  
r e fe rence  6 .  The data f o r  t h e  wing-fuselage  configurat ion w i t h  t h e  f l a p s  unde- 
f lected d e p a r t s  from t h e  fu l l - suc t ion  cu rve  ( f i g .  10 o r  1 1 )  a t  low l i f t  c o e f f i -  
c i e n t s ,  which i n d i c a t e s  a loss  of  lead ing-edge  suc t ion  through f low separa t ion .  
A t  the h igher  l i f t  c o e f f i c i e n t s ,  t h e  f low separa t ion  is much more ex tens ive ,  as  
evidenced by t h e  experimental   drag  being h igher  than the  ze ro  suc t ion  d rag .  A s  
t he  lead ing-edge  f laps  are deflected, the experimental  drag l e v e l s  are reduced 
and agree w i t h  t he  f u l l - s u c t i o n  c u r v e  i n  the  i n t e r m e d i a t e  l i f t - c o e f f i c i e n t  
range. It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  drag l e v e l s  a t  l i f t  c o e f f i c i e n t s  up 
to  0 .60  ( f i g .  I O )  f o r  the wing w i t h  f l a p s  deflected -16O is equ iva len t  t o  t h e  
f u l l - s u c t i o n  drag even though the camber s u r f a c e  w i t h  f l a p s  deflected is  not  an  
optimum camber shape  fo r  minimum drag.  If the  wing w i t h  the f l a p s  deflected 
-160 represented  an  optimum camber shape,  then the  zero-suct ion curve would be 
t a n g e n t  t o  the fu l l - suc t ion   cu rve  a t  t h e  optimum l i f t  c o e f f i c i e n t .  The t r e n d s  
i n  the data i n d i c a t e  t h a t  p a r t  o f  t h e  drag reduc t ion  is due  t o  s u c t i o n  pressure 
d i s t r i b u t e d  o v e r  the  wing camber s u r f a c e  and p a r t  is due to  suc t ion  deve loped  
a t  t h e  wing l ead ing  edge. 
A ca lcu la t ion  combining  zero  and  fu l l  l ead ing-edge  suc t ion  on t h e  wing 
with vortex flow on the  strake is p r e s e n t e d  i n  f i g u r e  12 i n  a d d i t i o n  t o  t h e  
poten t ia l - f low estimates previously  discussed.   Vortex l i f t  on the strake 
reduces t h e  zero leading-edge suct ion drag and i n c r e a s e s  t h e  f u l l - s u c t i o n  l e v e l .  
The experimental  data a t  a l l  three wing leading-edge flap-deflection angles pre- 
s e n t e d  i n  t h i s  f igu re  r ema ins  ve ry  c lose  to  t h e  z e r o - s u c t i o n  l e v e l s  i n d i c a t i n g  
t h a t  vortex f lows may affect  the formation of  leading-edge suct ion on t h e  wings. 
A comparison between the c a l c u l a t e d  and experimentally determined increment 
i n  drag due to  l ead ing -edge  f l ap  de f l ec t ion  is p r e s e n t e d  i n  f i g u r e s  I 3  t o  1 5 .  
As previous ly  shown by t h e  data o f  f igu res  10 t o  1 2 ,  the ca l cu la t ion  p rocedures  
used are no t   adequa te   fo r   p red ic t ing  t h e  a b s o l u t e  drag l e v e l s .  However, a s  
i n d i c a t e d  i n  f i g u r e s  13 and 14 ,  t he  a n a l y t i c a l  p r o c e d u r e s  p r e d i c t  t h e  increment 
i n  d r a g  due t o  l e a d i n g - e d g e  f l a p  d e f l e c t i o n  f o r  t h e  wing-fuselage configurat ion 
with a reasonable  degree of  accuracy a t  the low-to-intermediate l i f t  c o e f f i -  
c i e n t s .  A t  t he  higher  l i f t  c o e f f i c i e n t s ,  t h e  theory   underpredic t s  t h e  incre-  
ment i n  drag pr imar i ly  because  the  r e fe rence  wing ( f l a p s  u n d e f l e c t e d )  e x h i b i t s  
f low separa t ion  on t h e  wing  which is no t  p re sen t  on the  wing w i t h  f l a p s  
deflected. For the   wing-fuse lage-s t rake   conf igura t ion  ( f i g .  15) the theory  
ove rp red ic t s  t h e  increment  in  drag  due t o  wing leading-edge f l a p  d e f l e c t i o n ,  
which i n d i c a t e s  a g a i n  tha t  vor tex  f lows  appear  to  limit t h e  formation of  the 
apparent  wing leading-edge thrust .  
I n  the d i scuss ions  a s soc ia t ed  wi th  f i g u r e  6 i t  was poin ted  out  that  t h e  
minimum drag a t  l i f t  c o e f f i c i e n t s  o f  a b o u t  0.80 was obtained when t h e  f i v e  f l a p  
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segments were deflected -16O. Var i a t ions  o f  t he  optimum leading-edge  f lap 
d e f l e c t i o n  a n g l e  w i t h  wing span are presented  i n  f i g u r e  16.  The v a r i a t i o n s  
were ca l cu la t ed ,  u s ing  the  theo ry  o f  r e fe rences  7 and 8 ,  by James L. Thomas o f  
Langley  Research  Center.  It can be seen that  the  l ead ing -edge  th rus t  va r i a t ion  
is r e l a t i v e l y  f l a t  a long  the  wing span except  i n  the  r eg ion  o f  the wing t i p ,  
the  wing-fuselage  juncture ,   and t h e  wing-strake  juncture .  T h i s  t ype  o f  suc t ion  
d i s t r i b u t i o n  r e s u l t s  i n  a f a i r l y  c o n s t a n t  v a r i a t i o n  o f  f l a p - d e f l e c t i o n  a n g l e  
a long  the  wing l ead ing  edge, and only about a 3.5O v a r i a t i o n  f o r  a n  a n g l e  o f  
at tack o f  IOo. (See  bot tom  sect ion  of  f ig .  16.)  Although the  optimum va r i a -  
t i o n  o f  l e a d i n g - e d g e  f l a p  d e f l e c t i o n  was no t  i nves t iga t ed  expe r imen ta l ly ,  t he  
incrementa l  drag as soc ia t ed  wi th  the  optimum v a r i a t i o n  was ca lcu la ted  and  is 
p r e s e n t e d  i n  f i g u r e s  17 and 18. I n  t h e s e  f i g u r e s  t h i s  c a l c u l a t i o n  i s  compared 
w i t h  the  exper imenta l  data and a c a l c u l a t i o n  f o r  t he  wing wi th  -16O of  leading-  
edge f l a p  d e f l e c t i o n  a l o n g  t h e  wing  span.  Since  the -16O f l a p  v a r i a t i o n  is 
f a i r l y  c l o s e  t o  the optimum d e f l e c t i o n  a n g l e s ,  t he  c a l c u l a t e d  drag increments 
are n e a r l y   t h e  same. I n   a d d i t i o n ,  it is obvious  from these data ( f i g .  17) tha t  
f o r  the wing-fuse lage  conf igura t ion  (no  s t rake)  t he  theory  provides  a reasonable  
estimate o f  t h e  drag due t o  f l a p  d e f l e c t i o n s  and t h a t  simple wing leading-edge 
f l a p  d e f l e c t i o n s  p r o v i d e  a s i g n i f i c a n t  p o r t i o n  o f  t he  t h e o r e t i c a l l y  a c h i e v e d  
drag  reduct ion.   For  the  wing-fuselage-strake  configurat ion ( f i g .  18) ,  the con- 
s t a n t  v a r i a t i o n  o f  l e a d i n g - e d g e  f l a p  d e f l e c t i o n s  a p p e a r s  t o  be near  t h e  optimum. 
Again it should be noted t h a t  the theo ry  ove rp red ic t s  the incremental  drag va r i -  
a t i o n s  s u c h  that  lead ing-edge  f laps  provide  only  a small po r t ion  o f  the theo re t -  
i c a l l y  a c h i e v e d  drag reduc t ion .  
CONCLUSIONS 
A s tudy  has been conducted to  determine t h e  effects  o f  wing leading-edge 
f l a p  d e f l e c t i o n s  on t h e  subsonic  longi tudinal  aerodynamic characterist ics o f  a 
wing-fuselage configurat ion w i t h  a 4 4 O  swept  wing. A s  a r e s u l t  o f  t h i s  s tudy ,  
the fol lowing conclusions can be made: 
1 .  The drag characterist ics f o r  the conf igu ra t ion  w i t h  t h e  wing leading- 
edge f l a p s  undef lec ted  were o n l y  s l i g h t l y  affected by inc reas ing  Mach number. 
Fo r  the  conf igu ra t ion  wi th  the f l a p s  d e f l e c t e d  -16O, f low sepa ra t ion  r e su l t ed  
i n  a s i g n i f i c a n t  i n c r e a s e  i n  drag w i t h  i nc reas ing  Mach number. 
2. The combination of  f l a p  d e f l e c t i o n  r e q u i r e d  t o  a c h i e v e  minimum drag a t  
the  h ighe r  l i f t  c o e f f i c i e n t s  differed a t  t h e  va r ious  Mach numbers tested.  A 
cons tan t  -16O de f l ec t ion  ach ieved  the  lowes t  drag a t  a Mach number o f  0.40. 
3. The t h e o r y  u t i l i z e d  d i d  no t  p rov ide  an  adequa te  ca l cu la t ion  o f  the 
a b s o l u t e  drag l e v e l s  f o r  t he  conf igu ra t ion  s tud ied .  
4. Deflec t ing  s imple  lead ing-edge  f laps  provided  a s i g n i f i c a n t  p o r t i o n  o f  
t h e  t h e o r e t i c a l l y  a c h i e v e d  drag reduct ion  on the  wing-fuse lage  conf igura t ion .  
For  the  wing-fuse lage-s t rake  conf igura t ion  only  a small p o r t i o n  o f  t h e  t h e o r e t -  
i c a l l y  a c h i e v e d  drag reduc t ion  was obta ined .  
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5. The theory provided a r easonab le  estimate o f  t h e  drag increment  due to  
f l a p  d e f l e c t i o n  f o r  t h e  w i n g - f u s e l a g e  c o n f i g u r a t i o n .  For the   wing-fuselage-  
s t r ake  conf igu ra t ion ,  however ,  t he  theo ry  ove rp red ic t s  t he  inc remen t  i n  d rag .  
Langley Research Center 
Nat ional  Aeronaut ics  and Space Adminis t ra t ion 
Hampton, VA 23665 
October 5, 1978 
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( a )  Wing-fuselage model. 
Figure 1 .- Drawing of  configurations  under  study.  Dimensions are in  cen t ime te r s  
otherwise noted. 
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(b)  Wing-strake model. 




( b )  Flaps  de f l ec t ed .  
F igure  2.- Concluded. 
L-76-7236 
(a)  Flaps undeflected. 
Figure 3.- Wing-fuselage-strake model i n  Langley high-speed 7- by 10-foot tunnel. 
(b) Flaps  def lec ted .  
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Figure 4.- Concluded. 
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Figure 6.- Effect of wing leading-edge flap deflection on longitudinal  aerodynamic  characteristics 
for wing-fuselage configuration at M = 0.40. 
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Figure 7.- Effect of wing leading-edge flap deflection on longitudinal  aerodynamic  characteristics 
for wing-fuselage configuration at M = 0.80. 
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Figure 7.- Concluded. 
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Figure 8.- Effect of wing leading-edge  flap deflection  on  longitudinal  aerodynamic  characteristics 
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Figure 8.- Concluded. 
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Figure 9.- Effect of wing  leading-edge flap  deflection  on  longitudinal  aerodynamic  characteristics 
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F igure  9.- Concluded. 
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Figure 10.- Comparison of theory and experiment for wing-fuselage configuration a t  M = 0.40. 
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Figure 13.- Comparison o f  estimated and experimental  increments in drag due t o  f l a p  deflectiorl 
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Figure 14.- Comparison of  estimated and experimental  increments  in  drag due t o  f l a p  d e f l e c t i o n  
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Figure 15.- Comparison of estimated  and  experimental  increments  in  drag  due to flap  deflection 
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Figure  16.- Var i a t ion  o f  optimum flap-deflect ion angle  and wing leading-edge 
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1. Report No. 
-.  I 2. Government Accession No. " 
NASA TP-1351 
4. Title and Subtitle 
1 "" . 
EFFECTS OF WING LEADING-EDGE FLAP DEFLECTIONS  ON SUB- 
SONIC  LONGITUDINAL  AERODYNAMIC  CHARACTERISTICS OF A 
WING-FUSELAGE  CONFIGUFUTION  WITH A 4' SWEPT  WING 
7. Author(s1 
. . .  - 
William P. Henderson 
~ - . "  "" ~ ." 
9. Performing Organization Name and Address 
NASA  Langley  Research  Center 
Hampton, VA  23665 
"" . . ~- 
12. Sponsoring Agency Name and Address 
. ." . 
National  Aeronautics  and  Space  Administration 
Washington, DC 20546 
~- - "_ . - "" ~ 
15. Supplementary Notes 
~ 
3. Recipient's C a t a l o g  No. 
5. Report Date 
November 1978 
6. Performing Organization Code 
8. Performing Organization Report No. 
L-12481 
10. Work Unit No. 
~~ 
505-11-23-00 
11. Contract or Grant No. 
13. Type of Report and Period Covered 
.. . 
Technical  Paper 
. ~- "
14. Sponsoring Agency  Code 
. .  - . ~. . " - - .-___ ~ -~ - .~..  . - . 
16. Abstract 
. . . -  
An  investigation  has  been  conducted to determine the effects of  wing  leading-edge 
flap  deflections  on the subsonic  longitudinal  aerodynamic  characteristics of a 
wing-fuselage  configuration  with a 4' swept  wing.  The  tests were conducted  at 
Mach  numbers  from 0.40 to 0.85, corresponding to Reynolds  numbers  (based on wing 
mean  geometric  chord) of 2.37 x lo6 to 4.59 x lo6 and  at  angles of attack  from 
-3' to 22O. The configurations  under  study  included a wing-fuselage  configuration 
and a wing-fuselage-strake  configuration.  Each  configuration  had  multisegmented, 
constant-chord  leading-edge  flaps  which  could be deflected  independently or in 
various  combinations. 
I 
17. Key Words  (Suggested by Authoris) 
- 
Aerodynamics 
Leading-edge  flap  performance 
Stability 
Vortex  lift 
19. Security Classif. (of this report) 
Unclassified 




" " ~ 
18. Distribution Statement 
. . +  
Unclassified. - Unlimited 
Subject  Category 02 
21. No. of Pages  22. Price' 
" - 
35 I . .  $4.50 . . - - -  " 
* For sale by the Nat ional  Technical  Informat ion Service,  Spr ingf ie ld.  Virginla 22161 
NASA-Langley,  1978 
p g  





Penalty for Private Use, $300 
Postage  and Fe& Paid 
National Aeronautics and 
Space Administration 
NASA451 
1 5 1 1U,A, 092278 S00903DS 
I'i DEPT OF TRE A I R  FORCE 
/ !  AF WEAPONS L A B O R A T O R Y  
. ATTN: TECHNICAL L I B R A R Y  (SUL) 1 R I R T L A N D  AFB EJM 87117 
NASA POSTMASTER: If Undeliverable (Section 158  
Postal Manual) Do Not  Return 
I 
" 
\ ' J ,  " 
\ 
